If feedlot or litter biomass is to be used in pulverized coal boiler burners, the fuel properties must first be analyzed. Here the ultimate, proximate, size parameters and kinetic parameters will be presented. The basic fuel properties for coal, feedlot biomass, litter biomass, and 90-10 biomass fuel blends are shown in table 1. The analysis shows that feedlot biomass and litter biomass both have a higher ash content, a lower moisture content, and a lower heating value than coal. The biomass is relatively low in fixed carbon compared to coal, and if taken on a dry ash free basis, the biomass will have a higher volatile content. Additionally, the biomass has a higher nitrogen, sulfur, and chlorine content. The higher nitrogen and sulfur content can present problems when biomass is used as a fuel, because these elements can combine with oxygen to form SO 2 and NO x , which are recognized air pollutants. The chlorine presents an additional problem in pulverized coal combustion, as any chlorine present in ash will accelerate boiler water tube corrosion. Chicken litter also has high phosphorus content, which presents addition problems. By examining the fuel properties, it is seen that biomass is not as high a quality fuel as coal and biomass and litter biomass have similar properties.
In addition to the ultimate and Proximate analysis, the different fuel were also size classified with a sieve shaker according to ASME specifications, and fit to the RosinRammler size classification. The Rosin-Rammler size distribution is shown below as: The results of the Rosin Rammler are shown in figure 1 , with the constants presented in table 2. The results show that the coal is ground more finely than either type of biomass. This is due to the inclusion of particles in the biomass that are compressed during the grinding the process instead of being broken up. The results also show again, the 2 types of biomass are very similar. The kinetic parameters were obtained through the use of Thermogravimetric Analysis (TGA). The samples were analyzed in nitrogen and air to obtain time/temperature traces. The coal, litter and a 90:10 blend were analyzed in 4 size groups: <45 µm, 45-75 µm, >75µm, and a full size distribution. A typical litter TGA trace is shown in figure 3 . Notice that the litter begins to pyrolyze at a lower temperature than coal, and releases volatiles more rapidly. The coal and the litter sample were both fitted with the parallel reaction model to determine an average activation energy, and standard deviation of activation energies. Assume the process is described by a series i 
Now it is assumed that the distribution of reactions is continuous and described by the function f(E) such that:
Assume that ko i = ko, multiply eq (3) by f(E)dE and integrate over all activation energies:
If the distribution f (E) is chosen to the a Gaussian distribution described by an average E and standard deviation (σ), and the heating rate β=dT/dt is substituted, the following is obtained:
The limits on the outside integral have been changed to facilitate integration. The limits of ±3 sigma include 99% of the activation energies.
Where: E m = Average activation energy (kJ/kmol-K) β = Heating rate (K/min) σ = Standard deviation of activation energies (kJ/kmol-K)
The TGA traces were curve fit to the parallel reaction model through the use of numerical integration and the minimization of the squared error. A value of 1.002X10 15 1/min was chosen as the value of k o . A graph showing a curve fit to the full size group of litter is shown in figure 3 . The model parameters are presented in table 3, and figures 5 and 6 present the results graphically. The results show that litter biomasses will generally have lower average activation energy than coal. Litter biomass will release volatiles faster, and at a lower temperature than coal. The behavior of the blend is dominated by the behavior of the coal. This result is not surprising, as the blend is 90% coal by mass. 
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Appendix II: Reburn experiments
Reburn experiments were conducted in the modified Texas A&M boiler burner facility. The experimental setup was modified with a propane burner to simulate furnace gases, an ammonia injector to produce NO, and injectors to inject reburn fuel. The experimental setup is shown in figure 1 . The reburn experiments were conducted over a variety of reburn equivalence ratios with the experimental parameters shown in table 1. The experiments were conducted for coal, litter biomass, 50:50 blend, and 90:10 blend. The results are shown in figure 1 . The results indicate that litter biomass is a considerably better reburn fuel than coal. Litter biomass reduced the amount of NO by 70-80 percent, while coal reduced the NO emission by 10-40 percent. The behavior of the blended fuels fell between the behavior of the plain coal and the plain litter. It is also noted that a greater reduction is achieved at lower equivalence ratios. 
Appendix III: Gasifier design
The fixed bed studies will be done with an updraft gasifier (figure 1), where temperature profiles are measured by thermocouples at five different axial locations in the gasifier. Biomass (or blend) is stored in a hopper and fed from the top of the gasifier by means of two double-slide valves. Air is injected at the bottom of the gasifier. The hot exhaust gas stream passes through the heat recovery unit, which heats the incoming biomass. By the use of a heat recovery unit the supplementary heat (from the hot gases) heats the incoming fuel. The gas sampling is done at two locations (at 18" and 23 ½" above the base) for gas-chromatographic (GC) analysis. A provision to add excess or secondary air is also available. The gasifier is a cylindrical plain carbon steel tube 20" high above the grate and 13 ½" large (internal diameter). A 2" thick layer of thermal insulating blankets built interior to the reactor between the steel shell and the refractory lining helps in preventing the heat loss from the system. The core of the reactor is a 2" thick refractory material lining, which isolates the combustion zone from the rest of the reactor. The grate, used as an air distributor, is a circular plate (composed of 2" thick of refractory material and 1" thick stainless steel, grade ASTM 368) which has 100 .28" diameter circular holes drilled in it. The zone under the grate is designed to collect the ash, which falls through the grate. The primary air for gasification supplied through this chamber, flows through the grate (so that it is distributed uniformly across the whole section of the gasifier) and into the combustion zone. One inch above the grate, a small tube allows the use of a premixed flame to ignite the bed at the beginning of the process. Temperature profiles along the gasifier axis are measured by thermocouples (ChromelAlumel, ¼" diameter) placed within a protective tube of 316 stainless steel. The thermocouples are mounted at 14 ½", 16, 18, 21 ½ ", and 24 ½ " axial location above the base of the gasifier. View ports are provided at two locations above the grate (mounted in opposite pairs, 17" and 23 ½" above the base) and at one location under the grate (5" above the base), for observation of the process. 
